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A space astronomy laboratory 

in Marseille
• Laboratoire d’Astronomie Spatiale (LAS)

• Created in 1965 by the French National Centre for Scientific 
Research (CNRS), 

• Georges Courtès, first director

• Fusion with the Marseille Observatory in 2000: Laboratoire
d’Astrophysique de Marseille

• LAS mission: Take advantage of all the new possibilities 
offered by space technology to study the ultraviolet 
radiation of stars

• Designed and constructed observation instruments

• Sounding rockets 

• Stratospheric balloon gondolas

• Satellites

• Manned space stations

• International collaborations, increasingly complex 
instruments 

• NASA (National Aeronautics and Space Administration), 

• ESA (European Space Agency) 

• Soviet space agency

• Since FUSE and Galex, LAM strategy to invest the infrared

• UV observations at high redshifts

• Return of interest for UV: LAM to re-invest this field in 
terms of 

• Design, manufacture

• Assembly and integration

• Tests

• Calibrations



The LAM Optics Department
• Key player in the conception, design, construction 
and test of astronomical instruments

• Optical architecture

• AIT planning and execution

• R&D

• System Engineering

• Project management

• Technical specialty: Stressed substrate polishing

• Non-robotic freeform surfaces

• Zoom mirrors for VLTI delay lines

• Toric mirrors for VLT-SPHERE

• OAPs for the Roman ST coronagraph instrument

• High-end tools and equipment

• Optical design (Zemax, CodeV, ...)

• Optical simulations (PCgrate, Python, ...)

• Optical metrology (Interferometry, microscopy, 
spectrophotometry, ...)

• AIT (Laser tracker, Faro arms, 3D measurements, 
theodolites, ...)

• UV heritage

• Past experience

• Specialized equipment to be restored and modernized

• Access to high-end clean-room and vacuum facilities
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FUSE: Far UV Spectroscopic 

Explorer
• Launched by NASA in 1999

• 8 years operation

• 3000 targets

• Solar system, hot and cool 
stars, distant active 

galaxies and quasars

• Physical conditions of 
interstellar and 

intergalactic space

• R=30,000 spectroscopy
• 90-110 nm: Al with SiC

coating

• 103-119 nm: Al with LiF
coating



FUSE: Optical design

• Efficient optical concept with only two surfaces
• Primary mirror

• Reflective, concave grating

• Original grating design proposed by LAM
• Holographically recorded

• Stigmatic recording sources

• Spherical substrate

• Manufactured by Jobyn-Yvon (Horiba)
• Large (300*300 mm2)

• High groove density (6000g/mm)

• Sinusoidal grooves
• Improved blazing by ion etching still being developed

Grange 

1992



FUSE grating characterization

• Specific test setup in the 6m3

vacuum chamber

• Resolving power and stray light 
measurements

Hydrogen 

spectrum

Argon spectrum

Grange et al 

1998



FUSE grating efficiency

• Setup modified for absolute 
efficiency measurements

• Reference mirror

• Monochromator

• Several grating prototypes 
measured

• Varying groove depth

• Compared with simulations 

Grange et al 

1998



Galex: Galaxy Evolution 

Explorer

• Launched by NASA in 
2003

• 10 years operation

• Map the history of star 
and galaxy formation

• Spectral range: 135 to 
280 nm

• Two detector bands
• FUV: 135-185 nm, CsI

photocathode

• NUV: 185-300 nm, CsTe

photocathode

• Imaging 

• Low-resolution, slit-
less spectroscopy



• Grating design
• CaF2, 75 g/mm
• 1st order in NUV
• 2nd order in FUV
• Mounted in Titanium bipod flexure support

• Manufactured by Jobin-Yvon
• Mechanically ruled
• Transferred into CaF2 substrate by ion beam etching

• Efficiency measured in the FUSE 6 m3 cryostat
• 82% in NUV
• 61% in FUV
• Good agreement with simulations

Grange et al 

2000

Galex GRISM provided by LAM



Fireball: Faint 
Intergalactic Redshifted 

Emission BALLoon
• NUV window ~200nm at 40 km 
altitude

• 1-m telescope
• Siderostat arrangement

• Instrument located close to gimbal 
mount



Fireball 1: 3-D fiber-fed 

spectrograph
• WHIM mapping

• Warm Hot Intergalactic Medium

• Multi-fiber IFU
• FOV 160’’

• 400 fibers covering 8’’ each

• Offner spectrograph design
• Convex spherical grating

• 230mm diameter, 4800g/mm

• R = 5000

• Holographic grating manufactured by 
Jobin-Yvon
• 34% efficiency reached using thick MgF2 
coating

Millard et al 

2010



Fireball 2: Multi-object 

spectrograph

Quiret et al 

2014

Lemaitre et al 

2014

• Study of faint diffuse emission 
around galaxies
• High efficiency necessary

• Large FOV: 20x20’, 4’’ resolution
• Field corrector necessary

• Exchangeable multi-object slit 
masks

• R = 2200 spectrograph
• Double Schmidt

• Bi-symmetric aspheric grating

• Flat, holographic, blazed master 
grating

• Replication via a metal deformable
Jobin-Yvon matrix

• Grating characterization
• AFM profile

• PCgrate modelling

• Spectro-photometric measurements



Heritage of LAM 

grating developments

• EMIR transmission grating
• Wide-field Near-IR multi-object spectrograph 
for GranTeCan (Spain)

• Fused Silica Etched (FSE) gratings

• Holographically recorded in photo resist

• Deep rectangular profile transferred into Silica 
substrate by ion-etching

• Resin removed, suited for 77K

• Efficiency up to 75% with low polarization 

• Euclid NISP grisms
• Dark energy missions

• Massive slit less NIR spectroscopy of millions 
of galaxies

• Four optical functions in a single Suprasil
prism

• Grating engraved on the prism front face

• Curved grating grooves,

• Curved  prism back face,

• Multilayer spectral blocking filter

• Low groove density grism, 14g/mm

• Difficult by classical ruling techniques

• Photolithographic methods investigated and retained

• Grating manufactured by SILIOS on Winlight substrate 
with BALXERS filter



Future prospects
• UV MOS 

• Micro mirror-based

• Texas Instruments MOEMS technology

• Offner spectrograph

• “Batman” concept

• Convex grating

• High-resolution FUV/MUV echelle 
spectrographs
• Engagement in Pollux study for HWO

• Consortium project management

• Grating R&D

• Build on previous LUVOIR study

• Optical design

• KOH grating studies

• Zeiss study: simulations

• Penn state study: prototype

D. Le Mignant, this 

conference

F. Zamkotsian, this 

conference

Penn State: Echelle prototype 

measurements

Zeiss: Cross disperser 

simulations

Zeiss: Echelle simulations



Conclusion

• LAM is a key player in astronomical 
instrumentation 
• UV, Visible, IR

• Participation in major space missions
• Hubble, FUSE, Galex, Rosetta, Herschel, Euclid, Roman

• HWO is a great opportunity to reinvest the UV 
range
• Important role in the Pollux development
• Pursue and develop R&D activities

• Exiting years ahead


